The topology bifurcation of magnetic topology is identified by a significant change in the heat pulse propagation properties in magnetized plasmas. Clear evidence of stochastization of the magnetic surfaces near a rational surface is observed in the core plasma with weak magnetic shear in the Large Helical Device (LHD) by applying heat pulses driven by modulated electron cyclotron heating (MECH). There are two patterns of heat pulse propagation observed in the flat temperature region. One is a bi-directional slow heat pulse propagation observed in the fast magnetic shear drop and the other is a fast heat pulse propagation observed in the slow magnetic shear drop. This bifurcation in the heat pulse propagation suggests the topology bifurcation of a magnetic flux surface in the plasma. The slow heat pulse propagation observed in the weak shear is evidence of a nested magnetic island, while the fast heat pulse propagation observed in the plasma with medium magnetic shear is evidence of the stochastization of the magnetic surfaces [1] .
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Associated with the bifurcation from nested magnetic flux surfaces to a stochastic magnetic field, the abrupt damping of toroidal flow is observed when the magnetic shear at the rational surface decreases to 0.5. The flattening of the ion temperature profile and electron temperature profile are consistent with that expected by stochastization of the magnetic field. However, the damping of the toroidal flow is much larger than that expected, which indicates that the toroidal flow is quite sensitive to the topology of the magnetic field. The stochastization of the magnetic field evaluated from the onset of the toroidal rotation damping starts near the rational surface and propagates inward.
The heat pulse propagation technique is also applied to study the stochastization near the plasma edge in a plasma with a resonant magnetic perturbation (RMP). A clear transition from nested magnetic flux surfaces to a stochastic region is observed as the magnitude of the RMP is increased in LHD. In the edge region, the radial electric field becomes more positive as the stochastic region in the plasma becomes wider by applying the RMP field or moving the magnetic axis outward, with the so-called outward shifted configuration in LHD. This is because the electrons escape faster than ions along the open magnetic field lines and the electron loss contributes to the formation of the positive radial electric field. This is in contrast to the fact that the stochastization in the core plasma, where the magnetic field is closed, only contributes to the flow damping and hence the radial electric field. The heat pulse propagation technique applied in this experiment provides a new approach to identify the stochastization of the magnetic field, which is expected (or calculated) but not experimentally confirmed in magnetized plasmas with a resonant magnetic field perturbation for ELM mitigation.
